I use credit/GDP ratio to construct stylized credit cycles at global and regional levels over 1980-2010. Their average duration is between 12 and 15 years and for all the regions there is "a ceiling" and "a floor" curbing the amplitude of credit cycles. They are also largely interconnected, with the US credit cycle being the most influential and autonomous at the same time. The relationship between credit cycles and intensity of banking crises is also discussed. It appears that the regions exerting predominant influence over their counterparts and having a higher number of total connections at the same time experience fewer banking crises.
Introduction
The 2008-2009 global economic turmoil has translated into a growing number o f research papers on the finance-business cycles nexus. Some authors argue that finance remains only a transmission mechanism of economic instability, triggered by real causes. The financial accelerator models illustrate this approach best (Coric, 2011) . Others assert that finance has evolved into a self-sufficient determinant of business cycles. So, the tightening of financing conditions by itself may significantly exacerbate business cycle dynamics, as was the case with the 2001 and the past recessions in the US (Jermann, Quadrini, 2012) .
Although financial situation is not the unique determinant of business cycles and the link between them is not unidirectional, cyclical patterns of financial variables have begun exerting overwhelming influence on overall economic performance. Thus, the notion "financial cycles" has come to the fore. They encompass credit, housing and equity cycles.
Certain work has been done to figure out stylized facts about them. First, all the three cycles are pretty well synchronized across developed countries. Second, there are feedback effects between them -between housing and credit cycles, in particular. Third, financial cycles are characterized by significant, though not complete, concordance with business cycles (Claessens, Kose, Terrones, 2011a ). Credit cycles demonstrate the most pronounced co-movement with business cycles, with Harding-Pagan concordance index equal to 0,81 (Claessens, Kose, Terrones, 2011b).
These stylized facts are subject to criticism as they refer to financial cycles in advanced economies and embrace the period 1960:1-2007:4, leaving out the Great Recession impact. Some empirical studies also question high concordance between credit and business cycles, stating that both have a life of their ow n (Credit Cycles and their Role for Macro-prudential Policy, 2011) . So, to come to more robust conclusions, it is necessary to increase the number of countries in the sample. Selection of cycle indicators also matter. In the papers cited aggregate claims on the private sector by deposit banks were used as a measure of credit cycles.
In this paper I rely on the so-called financial depth measures of financial cycles. Speaking about credit cycles, I mean the share of domestic credit to private sector (as % of GDP) (credit/GDP ratio). This ratio synthesizes cyclical properties of credit and GDP and is helpful in detecting excessive credit indebtedness, which 3 is important from the macro-prudential regulation viewpoint. Recent papers on new approaches to macro-prudential regulation emphasize the feasibility of credit/GDP ratio as a potential anchor for the implementation of countercyclical capital buffers under Basle III. It outperforms such measures as real credit or money aggregates (Drehmann, Borio, Tsatsaronis, 2011) as a warning indicator of credit "overheating". Moritz Schularick and Alan M. Taylor (2012, forthcoming) also find that credit/GDP is a good predictor of financial crises in the long-run, as they rely on a dataset for 14 countries over the years . Moreover, they show that countries with high credit/GDP ratios are not only more prone to banking crises, but are also more likely to experience other types of fin ancial turmoil, namely, more dangerous stock market busts.
I use credit relative to GDP to construct stylized credit cycles at global and regional levels over 1980-2010. The starting point of the time span is associated with the beginning of a mighty wave of financial globalization, according to Rajan and Zingales (2003) . It turns out that there has actually been a single credit cycle over this period at global level (measured "from peak to peak"). It covered 1990 It covered -2005 , with the downturn phase lasting from 1990 to 1997. The dating of regional credit cycles is not uniform, and I generalize the findings in Section 2 of the paper.
In addition to describing cyclical patterns of cred it at global and regional dimensions, in Section 3 an attempt is made to evaluate the role of a given region and country in the transmission of credit cycles at cross-and intra-regional levels. To this end, I resort to computing the so-called net spill-over index (NSI), introduced in Credit Cycles and their Ro le for Macro-prudential Policy (2011) . It measures a degree to what a region or a country is subject to cred it cycle spillover from others or exerts predominant influence itself. I also focus on the components of this metric -the total number of counterparts to which a region or a country is connected, the number of exogenous (subject to influence from other countries" credit cycles) and endogenous (impact on other countries" credit cycles) links. To calculate NSI the methodology of vector auto -regressions (VAR) is applied. It ties the paper with a burgeoning literature on financial spillovers and contagion wher e such econometric techniques are used (Helbling et al., 2010; Xu, 2011) .
At regional level the main finding is related to the US credit cycle, which proves to be the most influential in the world. It has directly led 3 other regional credit cycles in 1980-2010, experiencing exogenous influence of none itself. It again justifies the statement that when the US sneezes, the world catches cold! At country level I examine how individual NSIs and their components are related to the number of banking crises episodes in 1980-2010. A special dataset is created to reach the purpose, combining Reinhart-Rogoff (2011) and Laeven databases (2010) . I establish that the regions exerting predominant influence over their counterparts and having a higher number of total connections at the same time experience fewer banking crises.
The paper is organized as follows: Section 2 describes the data, methodology and cyclical patterns of regional credit cycles; Section 3 introduces net -spillover indices at regional and country levels and studies the impact of its components on banking crises episodes; Section 4 concludes, indicating avenues for future research.
Global and regional credit cycles: methodology and properties
To extract global and regional credit cycles credit/GDP ratios for 94 countries are used. The source of information is World Development Indicators (WDI). The countries with missing values of this indicator for at least a single year in 1980-2010 have been eliminated from the initial sample, no interpolation has been carried out.
The global credit cycle is derived as follows. First, the credit/GDP series for all the countries are detrended. To this end, I employ Hodrick-Prescott filter (1997). So, I consider a credit cycle as a deviation from trend in a country"s credit/GDP series. It is necessary to specify that relative deviation from trend is computed (
). Second, the constructed series are normalized to obtain an individual country"s stylized credit cycle: relative deviations from trend for each year less mean for 1980-2010 divided by standard deviation for 1980-2010. Finally, the first principal component for the series is extracted and normalized according to the described procedure. The result is a standardized global cycle presented below (figure 1). Regional credit cycles are far from being uniform in shape.
In case of the US one may decipher at least 2 cycles: from 1986 to 1999 and from 1999 to 2007 (measured "from peak to peak"). To summarize the stylized facts about global and regional credit cycles, one may state that their average duration is 12-15 years, almost equally divided between upturns and downturns. Despite initial expectations that the downturn of the last credit cycle could be extremely deep, the empirics don"t lend much support to them. For all the regions there is "a ceiling" and "a floor" curbing the amplitude of credit cycles. The first is a 1,5 standard deviation above the mean for 1980-2010, the second is the same value below the mean.
Cross-and intra-regional credit cycles' spillovers
Credit cycles in different regions and countries don"t occur in vacuum.
Modern banking systems are deeply interconnected, so credit cycles are sure to spill over both at cross-and intra-regional levels. My purpose in this section is to establish links between regional cycles, thus, finding out which of them strongly affect other regions" cycles and which are subject to external influence. This analysis is helpful to evaluate risks of banking cycles" contagion. Its methodology rests on the use of vector auto -regressions (VARs). I use an unrestricted VAR model and treat all the standardized regional credit cycle time series as endogenous variables. I experiment with different number of lags, testing for optimal lag length and overall model stability. According to Akaike and Schwartz information criteria a model with a 2-period lag should be selected. It proves to be stable, as inverse roots of AR characteristic polynomial lie inside the unit circle (Appendix 2). Then I fill in a table displaying connections between the variables. The criterion is a t-statistic that is equal or exceeds 2 in respective regressions. The result is the following table. "+" denotes the presence of a link, "2+" means that both lags of the respective independent variable affect the given one. So, for example, in column 1 it is seen that the standardized US credit cycle takes a 2-year lead of the one of So uth Asia and Sub-Saharan Africa and a one-year lead of the credit cycle of East Asia. The last right-hand column contains information on the number of links a given country is subject to, whereas the lower line summarizes data on the number of links this country generates itself.
Consequently, one can conclude that the US credit cycle is the most influential, as it produces 5 links with 3 regions and remains totally unaffected itself. Then come Europe and East Asia. Europe receives feedback from itself, East Asia and Latin America. East Asia is affected by the US, European and its own credit cycles. Surprisingly, it seems that the US credit cycle affects Europe in a "roundabout" way -via East Asia. Thus, one may conjecture that a banking crisis (or any other financial turmoil) originated in the US will be particularly contagious for Europe if previously amplified in Japan and/or China that shape the credit cycle in East Asia.
Middle East and North Africa as well as South Asia are in neutral position in a sense that that the first exercises quite a limited influence and the second has a zero balance of links at all. Latin America and Sub-Saharan Africa are primarily subject to influence by other regions" credit cycles.
It is also interesting to evaluate the net influence effect for each region. To this end, I resort to the net spill-over index (NSI). It is calculated as the number of endogenous links less the number of exogenous ones divided by total sum of links attributed to the region. By definition it ranges from -1 to 1. The value of -1 indicates that the region only receives external impulses, i.e. its credit cycle is determined by developments in other regions. On the contrary, NSI equal to 1 means the region is absolutely independent of external influence and shapes credit cycles of its counterparts. So, I compute and visualize NSI values (Figure 3) . Having NSI value significantly positive or close to1 makes the region almost immune to any banking shocks originated in other places. However, this position also transforms this region into a systemically important. It means that any significant shock generated within the region may be quickly propagated and amplified, undermining global financial stability. This fact imposes great responsibility over monetary authorities and banking regulators in the US, Europe and East Asia. It additionally points to the necessity of cooperation of these key regions in macro-prudential regulation of banking. The same is true for Middle East and North Africa, though this region has a much more "isolated" credit cycle.
The same approach to assessing credit cycle links could be applied at intraregional level, as it helps identify countries disseminating their financial influence and those that only passively adjust to external impact. Again I report figures of NSIs values 2 (Figure 4a , b, c, d, e, f).
2 The output of respective VAR models and proofs of their stability are available from the author upon request. One should pay particular attention to country-level NSIs in Europe and East Asia because they have been found crucial in terms of influence on other regions" credit cycles. The countries characterized by positive NSI values in Europe and East Asia are not only resistant to financial shocks that may occur within the two regions, but also have significant potential to exert negative impact on other regions if a shock arises precisely in the given countries. So, the analysis provides preliminary guidelines for revealing countries with systemically important credit cycles 3 .
In Europe and Central Asia the UK, Germany and Turkey are on the top-list with NSI value equal to 1. They are followed by Switzerland, Finland, Greece and Spain. The fact that Greece and Spain have positive NSI values means that financial conditions in the countries affect other countries" performance, both in Europe and beyond. So, this finding additionally explains why the 2010 -2012 Greek crisis turned out to be so difficult to resolve. It is also worth mentioning that the Greek credit cycle leads the Spanish one, whereas the financial conditions in Spain directly affect Portugal, Ireland and Switzerland.
In East Asia the most striking thing is that China has an NSI equal to -1. This fact, however, doesn"t necessarily imply that this country is easily affected by its regional counterparts" credit cycles. It is a significant financial power and links with other regions may be much more important for China. If extra -regional links are taken into consideration, NSI value may be quite different. A plausible explanation for the result obtained is that C hina experiences influence by the countries whose credit cycles may be particularly tied to the US and Europe (Korea, Rep., New Zealand, Malaysia). So, this could be an indirect impact of other regions" credit cycles. In other regions there are also some unexpected results of NSI computation, like Saudi Arabia in MENA or Chile in Latin America which have received negative scores. Nevertheless, the regions these countries belong to are not of systemic importance and the result changes little in global transmission of credit cycles, though really deserves further research and robustness checks. Now I turn to examining a possible relationship between the computed NSIs at country level and the intensity of banking crises. I combine two special datasets on the incidence of banking crises that cover the period of 1980 -2010 -ReinhartRogoff (2011 ) and Laeven (2010 . They overlap to a great extent. In the cases they contradict, I rely on Reinhart-Rogoff database (2011) as a more recently updated data source. Thus, I assemble a sample of 65 countries in which at least one episode of banking crisis took place in 1980-2010. Figure 5 visualizes the data. Then I make a regression of the number of banking crises (BANKCR) per country on a constant and two independent variables -the respective NSI of the country (NSI_c) and that of the region it belongs to (NSI_reg). As the dependent variable may take on only integer values, I use the so-called Poisson regression (Appendix 3a).
At first glance the formal result is that the regression is of acceptable quality as all the predictors are significant. The main qualitative conclusion based on the estimated equation is that the greater NSI a country has, the more pro ne to banking crises it is. Also, the number of banking crises seems inversely connected with regional NSI. So, having a high NSI value within a region may be a pro-crisis factor, whereas a high NSI value at regional level may be a buffer to financial turmoils.
However, the robustness of the results is to be checked as they may be biased due to overdispersion in the dependent variable, which means that the equality of the conditional mean and variance is broken. This is a typical problem with Poisson regressions. To establish if one can rely on the results, a goodness-offit test is carried out. Its idea is to regress residuals of the estimated regression on fitted values of the dependent variable (constant is suppressed). If the coefficient is significant, it means that the basic premise of Poisson regression is violated and its results are unreliable. The output of this auxilliary regression is presented in Appendix 3b. As t-statistic is not significant even at 10%-level, conditional mean and variance of the dependent variable can be considered equal and the obtained Poisson regression appropriate.
Anyway, I treat the qualitative conclusions with certain caution: the positive association between high NSI values within a region and the number of banking crises per country may be a mere reflection of the fact that such regions as SubSaharan Africa and Latin America have much higher average NSIs at country levels in comparison with Europe and East Asia (0,19 and 0,43 vs. 0,06 and 0,13). Further research is needed in this area.
As a starting point of it, I disaggregate the NSIs and use four predictors for banking crises -the difference between endogenous and exogenous links of a country"s credit cycle at regional and country levels (i.e. the numerators of the respective NSIs -DIF_C, DIF_REG) and total sums of a country"s credit cycles (i.e. the denominators of the respective NSIs -TOTINFL_C, TOTINFL_REG). The rest of the estimation is as described above. The result is presented in Appendices 3c, d. It sheds additional light on the connection between credit cycle links and banking crises. It is the cross-regional dimension that matters more than intra-regional interactions: the regions that exert predominant influence over their counterparts and have a higher number of total connections at the same time experience fewer banking crises.
Conclusions
In the paper standardized credit cycles were constructed for 7 regions and 94 countries. The cyclical patterns of the regional cycles have been studied and 15 discussed and the notion of a global credit cycle have been introduced. Some regularities in their structure and duration have been discovered.
Regional cycles prove to be largely interdependent. The US credit cycle is the most influential and autonomous among them. Europe and East Asia come next. Other regions passively adjust to credit cyclicality of the mentioned regions. It has a direct implication for the conduct of economic policy. Macro-prudential measures should be coordinated and credit cycles should be carefully monitored precisely with respect to these three regions.
I have also studied the interdependence of country-level credit cycles and the impact of regional and country-level credit cycles on the intensity of banking crises. The regions that exert predominant influence over their counterparts and have a higher number of total connections at the same time experience fewer banking crises. Anyway, further effort is needed to verify these conclusions.
This quest could also be based on a different methodology. Using tools of network analysis looks quite promising in this respect. This approach may create additional value added as it is aimed at visualizing links between credit cycles. Some aspects of VAR models could also be developed. For example, genera l response functions could be estimated to study multilateral credit cycle links in more detail. 
